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Purpose: To involve elderly people during the development of a mobile interface of a moni-
toring system that provides feedback to them regarding changes in physical functioning and to 
test the system in a pilot study.
Methods and participants: The iterative user-centered development process consisted of the 
following phases: (1) selection of user representatives; (2) analysis of users and their context; 
(3) identification of user requirements; (4) development of the interface; and (5) evaluation of 
the interface in the lab. Subsequently, the monitoring and feedback system was tested in a pilot 
study by five patients who were recruited via a geriatric outpatient clinic. Participants used a 
bathroom scale to monitor weight and balance, and a mobile phone to monitor physical activity 
on a daily basis for six weeks. Personalized feedback was provided via the interface of the mobile 
phone. Usability was evaluated on a scale from 1 to 7 using a modified version of the Post-Study 
System Usability Questionnaire (PSSUQ); higher scores indicated better usability. Interviews 
were conducted to gain insight into the experiences of the participants with the system.
Results: The developed interface uses colors, emoticons, and written and/or spoken text mes-
sages to provide daily feedback regarding (changes in) weight, balance, and physical activity. 
The participants rated the usability of the monitoring and feedback system with a mean score 
of 5.2 (standard deviation 0.90) on the modified PSSUQ. The interviews revealed that most 
participants liked using the system and appreciated that it signaled changes in their physical 
functioning. However, usability was negatively influenced by a few technical errors.
Conclusion: Involvement of elderly users during the development process resulted in an inter-
face with good usability. However, the technical functioning of the monitoring system needs to 
be optimized before it can be used to support elderly people in their self-management.
Keywords: user-centered design, telemonitoring, physical functioning, community-dwelling 
elderly people, usability
Introduction
Disability, often defined as experienced difficulty in performing activities in any 
domain of life, poses a threat to independence of community-dwelling elderly people.1 
Elderly people suffering from a decrease in certain indicators of physical functioning, 
such as gait speed, physical activity, weight, grip strength, balance, and lower extrem-
ity function, have an increased risk to develop disability.2–5 Elderly people and care 
professionals are often not aware of decreases in indicators of physical functioning 
at an early stage and decline can continue until (health) problems arise.6 Innovative 
technologies can play an important role in remote monitoring and early identification 
of elderly people who suffer from functional decline and therefore have an increased 
risk to develop disabilities.7,8 These people are the ones who are most likely to benefit 
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from existing disability prevention programs.9,10 Furthermore, 
literature reviews reveal that such care technologies can also 
positively influence self-management, health behaviors, 
medical outcomes, and quality of life of elderly people.11,12
Researchers from Maastricht University (MU) in The 
 Netherlands and engineers from the Institute Charles Delaunay 
at the Université de Technologie de Troyes (UTT) in France col-
laborated to develop an innovative telecare system that monitors 
indicators of physical functioning in elderly people over time 
and provides feedback regarding changes. The  system consists 
of three devices: a bathroom scale for monitoring weight and 
balance, a Grip-ball for monitoring grip strength, and a mobile 
phone with a built-in accelerometer for monitoring physical 
activity.13–16 The devices are equipped with Bluetooth so that 
the information can be transferred automatically to the mobile 
phone. Via the interface of the mobile phone, feedback can 
be provided to the users regarding changes in their physical 
functioning; this can support them in their self-management. 
Furthermore, the mobile phone can transfer the data to a data-
base that is accessible to care professionals who can use the 
information to provide pro-active care to their patients. The 
monitoring and feedback system is depicted in Figure 1.
Previous research has shown that it is important that tele-
care technologies, such as the monitoring and feedback system 
described above, should meet the needs and preferences of the 
users.17,18 Furthermore, usability remains a critical issue in such 
telecare technologies,11 because if elderly users are not able to 
use the monitoring system and mobile phone properly or do 
not understand the feedback that is presented via the mobile 
interface, it is unlikely that the system will be used to support 
self-management. Involving end-users during the development 
of care technologies can ensure that the technology meets 
the needs and preferences of the users and it can improve the 
usability of the technology.19–21 Therefore, the objective of this 
study was to involve elderly people during the development of 
the mobile interface of the monitoring and feedback system and 
to test the monitoring and feedback system in real life.
Material and methods
The methods section is divided into two parts. The first part 
focuses on the methods that were used during the different phases 
of the user-centered development process. The second part 
focuses on the methods that were used during the pilot study.
Part 1: methods user-centered 
development process
The user-centered development process of the interface 
consisted of the following phases: (1) selection of user 
Figure 1 Monitoring and feedback system.
Notes: The monitoring and feedback system consists of three devices: a bathroom scale that measures weight and balance, a Grip-ball that measures grip strength, and a 
mobile phone with a built-in accelerometer that measures physical activity. Weight, balance and grip strength data are transferred to the mobile phone via Bluetooth. Via 
the screen of the mobile phone, feedback regarding (changes in) the physical indicators is provided to the elderly user. Besides that, all measurements are forwarded to a 
database that is accessible to care professionals.
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representatives; (2) analysis of users and their context; 
(3) identification of user requirements; (4) development of 
the interface; and (5) evaluation of the interface in the lab. 
Figure 2 provides an overview of the methods that were used 
during the different phases of the development process.
A key principle of user-centered design is that the process 
should be iterative.22 This was the case in the development 
process because the different phases, often referred to as 
iterations, were repeated until the desired result was obtained. 
Each phase delivered the input for the next phase and at the 
end of each phase the development team checked whether 
the results were compatible with those of the previous phase. 
Other key principles of user-centered design, such as active 
user involvement and working in multidisciplinary teams 
were followed as well throughout the development process 
to ensure that the interface would fit the preferences and 
Phase 1: Selection of user representatives
Phase 2: Analysis of users and their context
Phase 3: Identification of user requirements
Review first prototype
Adjust second prototype
Phase 4: Development of the interface
Phase 4: Evaluation of the usability of the interface in-lab
Development of final prototype of the interface
Three user representatives volunteered to be part of the
development team during a meeting that was organized
by the House for Care
A literature search was conducted regarding characteristics
of elderly users of mobile interfaces
Four discussion group meetings were organized with a
geriatrician, geriatric nurse, geriatric physiotherapist,
nursing home physician, and social gerontologist
Three user-group meetings were organized with the user
representatives and their advisor
Community-dwelling elderly people provided their input
during a workshop
First prototype of the interface was developed by technical
engineers of UTT based on the user requirements
formulated in phase 3
Elderly representatives
and their advisor reviewed
the first prototype and
identified new and unmet
requirements that guided
the development of the 
second prototype
The third prototype is
developed based on
results of heuristic
evaluation
Second prototype was developed based on the new and
unmet requirements that were identified
Heuristic evaluation second prototype by non-users
Usability evaluation third prototype by 11 elderly users via
think aloud procedure and adapted version of the Post-
Study System Usability Questionnaire (PSSUQ)
(Based on the results of the usability evaluation by users)
•
•
•
•
•
•
•
•
•
Figure 2 User-centered development process.
Abbreviations: UTT, Université de Technologie de Troyes.
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requirements of the potential users. This will be illustrated 
in the next paragraphs.
Phase 1: selection of user representatives
Three elderly user representatives, all men aged over 65 years 
old, volunteered to be part of the development team after 
attending a meeting during which several researchers pre-
sented their projects. This meeting was organized by the 
House for Care (in Dutch: “Huis voor de Zorg”) which is 
an independent organization that advocates patient empow-
erment and is committed to defending the interests and 
increasing the say and control of patients and other users 
of care. Together with researchers from MU and engineers 
from UTT, these representatives and their advisor from the 
House for Care formed the development team throughout 
the entire process.
Phase 2: analysis of users and their environmental 
context
A literature search was performed to gain more insight into 
the characteristics of community-dwelling elderly people 
that are relevant to the development of a mobile interface. 
Furthermore, a geriatrician, geriatric nurse, geriatric phys-
iotherapist, nursing home physician and social gerontologist 
advised the development team during four discussion meet-
ings regarding important characteristics of potential users 
of the interface that provides feedback about (changes in) 
physical functioning.
Phase 3: identification of user requirements
Three user-group meetings were organized with the elderly 
representatives from the House for Care and their advisor 
during which they provided their input regarding the user 
requirements to the researchers from MU. The first user-group 
meeting focused on the feedback and the second meeting 
focused on the mobile interface. During the third user-group 
meeting the information from the two previous user-group 
meetings was discussed and prioritized, which resulted in a 
list of requirements.
Furthermore, 24 elderly people who attended regular 
social gatherings organized by the Catholic Association for 
Elderly People participated in a workshop that took place 
during one of their gatherings. The monitoring system 
was presented to them and the requirements for the inter-
face, as identified previously by the user representatives, 
were explained. The participants of the workshop were 
invited to discuss whether they liked and agreed with these 
requirements or not. New ideas or requirements were added 
to the list of requirements.
Phase 4: development of the interface
The list of requirements that resulted from Phase 3 was used 
as the foundation for the development of the first prototype 
of the interface. This prototype was developed by engineers 
from UTT. During a fourth user-group meeting, the user 
representatives and their advisor explored whether their 
requirements were met by the first prototype of the interface. 
Unmet or new requirements were added to the list of require-
ments and were used to guide the development of the second 
prototype of the interface.
Phase 5: evaluation of the usability of the interface  
in the lab
The usability of the interface was evaluated first in a heu-
ristic evaluation by non-users. After that it was evaluated by 
potential elderly users via a think aloud procedure.
Heuristic evaluation by non-users
Three system developers and five non-experts evaluated 
the second prototype in a heuristic evaluation. The evalu-
ators checked whether the following ten heuristics were 
violated while clicking through the interface: visibility 
of system status, match between system and real world, 
user control and freedom, consistency and standards, error 
prevention, recognition rather than recall, flexibility and 
efficiency of use, aesthetic and minimalist design, help 
users recognize/diagnose/recover from errors, and help and 
documentation.23,24 Identified violations were remedied in 
the third prototype of the interface.
Think aloud usability test by users
Elderly people who participated in the workshop in phase 3 
were invited to evaluate the third prototype of the interface 
using a think aloud procedure. Participants individually 
performed eleven tasks using the mobile interface after 
receiving general instructions. They provided feedback on 
the process and indicated what caused difficulties by thinking 
aloud. Participants were observed by a trained observer who 
registered whether the participants made mistakes during 
the tasks and whether they needed assistance. The observ-
ers also ensured that all the “think aloud” comments of the 
participants were registered.
Furthermore, the participants evaluated the usability of 
the interface using a questionnaire that contained translated 
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items from the Post-Study System Usability Question-
naire (PSSUQ).25 A few items of the original PSSUQ were 
replaced by items regarding specific features of the interface. 
Each item of the questionnaire was rated on a scale from 1 
(I strongly disagree) to 7 (I strongly agree) and participants 
could explain their rating in the free text space. Examples of 
the items were: “Overall, I am satisfied with how easy it is to 
use this system”; “The information that was provided on the 
screen of the mobile phone was clear”; and “The menu on 
the mobile phone has all functions I expect it to have”. The 
modified version of the PSSUQ that was used during the think 
aloud procedure is presented in Supplementary material.
Means and standard deviations were calculated to deter-
mine the usability of the interface; higher scores indicated 
better usability. Results from the think aloud procedure 
and PSSUQ were used to develop the fourth and final 
prototype.
Part 2: methods pilot study
Design and participants
The final prototype of the mobile interface was integrated 
into the monitoring system so that the system could provide 
feedback to the user. Originally, the monitoring system con-
sists of three devices: a bathroom scale, a Grip-ball, and a 
mobile phone; but, unfortunately the Grip-ball could not be 
included in the pilot study due to problems in its production 
process. Therefore, a system consisting of the bathroom 
scale and mobile phone was tested during the pilot study 
with 6-week follow-up.
Participants were recruited via the geriatric outpatient 
clinic at Orbis Medical Center in Sittard, The Netherlands. 
Inclusion criteria were: 70 years or older, community-
dwelling, mobility or functional problems, cognitively not 
impaired (Mini Mental State Examination [MMSE] .23), 
able to step onto a bathroom scale independently, and will-
ing to learn how to use the interface of the mobile phone. 
Exclusion criteria were: planned admission to a nursing 
home/hospital during the study, being confined to bed, seri-
ous visual or hearing impairments, and contra indication 
for physical exercise. Eight patients were invited by their 
geriatrician and received an information letter and a consent 
form via mail. The researcher contacted them after two weeks 
to ask whether they were willing to participate and whether 
they had any questions. Patients who decided to participate 
provided written informed consent. This pilot study was 
approved by the Medical Ethical Committee Atrium Orbis 
Zuyd (NL35961.096.11).
Procedure
Participants were instructed to step onto the bathroom scale 
every day between 7:00 and 10:30 to monitor their weight 
and balance. Feedback regarding (changes in) these indica-
tors was provided to the user via the mobile interface directly 
after the measurement. To monitor their physical activity, the 
users were instructed to wear the phone with them in their 
pocket or on a belt. Participants monitored their activity 
from the morning until after 20:00 and received feedback 
about (changes in) their activity directly after pressing “stop-
activity monitoring”. After that, they were instructed to put 
the phone back in the docking-station for charging.
More detailed information about the content and presenta-
tion of the feedback and feedback algorithm is provided in 
the last paragraph of part 1 of the results section where the 
final prototype that was developed will be explained.
Measurements
After 3 weeks, the participants received a modified version 
of the PSSUQ.25 This modified version differed from the 
one that was used during the think aloud procedure. Some 
items were removed from the version of the PSSUQ that is 
presented in Supplementary material because they were not 
applicable and some questions that focused on the usability 
of the bathroom scale were added. As a result, the items of the 
modified PSSUQ that was used during the pilot study could 
be divided into three subscales: usability of the bathroom 
scale (5 items), usability of the mobile phone (10 items), and 
usability of the system as a whole (10 items). The participants 
rated each item on a scale from 1 to 7; higher scores indi-
cated better usability. Besides that, free space was available 
after each question so that the participant could provide an 
explanation or clarification. Examples of the items were: 
“I liked using the bathroom scale daily to measure my weight 
and balance”; “I needed a lot of help with using the mobile 
phone”; “I liked using the monitoring system”; and “Overall 
I am satisfied with the monitoring system”.
After 6-week follow-up, semi-structured interviews were 
conducted to gain insight into the experiences of the par-
ticipants with the system. Topics discussed were: use of the 
bathroom scale and the mobile phone, feedback messages, 
satisfaction with the system, and usefulness of the system 
on a larger scale in the future.
Finally, all weight, balance, and activity measurements 
were registered automatically using the mobile phone. These 
data were used to study the adherence to the daily monitor-
ing regimen.
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Analyses
Firstly, mean usability scores (standard deviation [SD]) 
were calculated for the total modified PSSUQ and its three 
subscales. Besides that, usability sumscores were calculated 
for each participant separately, higher scores indicated better 
usability. Secondly, the interviews were transcribed verbatim 
and analyzed using Nvivo version 9.0 (QSR International 
Limited; Warrington, Cheshire, UK). Finally, adherence to 
the daily monitoring regimen was calculated by counting 
the number of days that data on all three physical indicators 
(weight, balance, and activity) were saved by the mobile 
phone and dividing this by the total number of days that a 
participant was included in the pilot study.
Results
The results section is divided into two parts. The first part 
focuses on the results that were obtained during the phases 
of the user-centered development process. The second part 
focuses on the results of the pilot study.
Part 1: results user-centered  
development process
Users and their environmental context
The literature study revealed that elderly people more often 
suffer from loss of cognitive capacities, sight loss, hearing 
loss, and decreased motor skills than younger people. These 
restrictions can cause difficulty with the use of small screen 
mobile interfaces.26–28 Therefore, it is important to take pos-
sible cognitive, sensory, and motor restrictions into account 
in developing an interface that provides feedback to elderly 
people regarding their own physical functioning.29 Attention 
should be paid to factors such as screen size, font size, density 
of information, and level of contrast.30–33 This can prevent 
usability problems.34,35
Advice from the professionals during the discussion 
meetings revealed that elderly people who are at risk for, or 
already suffer from, decreased physical functioning should be 
the users of the interface. They are the ones who can benefit 
from the feedback messages supporting self-management. An 
important remark was that we should be very careful with the 
feedback that is provided because feedback about decreases in 
physical functioning can be very confronting to elderly users. 
Elderly people should not become “scared” of the feedback 
as this will cause (unnecessary) distress and might result in 
discontinued use of the system. Furthermore, the profession-
als stressed the importance of the social environment and the 
facilitating role that spouses, children, or neighbors can play 
in learning how the interface works and in understanding 
the feedback messages. This was later confirmed by elderly 
people during the user-group meetings and workshop.
Identification of user requirements
The requirements that were identified during the user-group 
meetings and workshop are presented in Table 1. The require-
ments that were identified by the user representatives and 
their advisor after reviewing the first prototype are included 
in the table as well.
Usability of the interface in the lab
Violations of heuristics identified by non-users
The heuristic evaluation revealed some consistency violations 
in the second prototype of the interface. Arrows were used on 
the interface to indicate whether a certain physical indicator 
had increased, decreased or stayed the same, but the use of 
the arrows was not consistent across the different indicators. 
Therefore, the arrows were deleted from the interface in the 
third prototype. There was also a mismatch between the 
color, emoticon, and the text on some of the screens. Another 
heuristic that was violated according to some evaluators was 
the user language heuristic. In some cases, words that were 
used on the buttons were not common and therefore difficult 
to understand for the potential end-users. An example is the 
word “parameter”. These violations were remedied in the 
third prototype of the interface.
Usability of interface in think aloud procedure
Four men and seven women with a mean age of 79 years 
(SD 5.0 years) participated in the think aloud evaluation 
Table 1 User requirements
User requirements identified during user-group meetings  
and workshop
Feedback regarding 3 or 4 indicators is enough
Information should be easy to obtain
Use of one button per indicator
Menu with just a few layers
Feedback that is easy to understand
Feedback should be fun to watch (eg, by using colors and pictures)
Easy overview of the values and changes of the indicators
There should be interaction between the user and the interface
Possibility of receiving spoken feedback instead of written feedback
Touch screen to avoid problems with navigating through the interface 
and pressing buttons
Large buttons on a touch screen
Use of large letter type
Docking station for charging the phone
User requirements added after reviewing the first prototype
Layout should be changed so that the screen is used optimally
Letters should be bigger
Information on the screen should be organized differently (instead  
of four quadrants five buttons in a list should be used)
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of the third prototype of the interface. Most participants 
had never used a phone with a touch screen before. Some 
of them had experience with regular mobile phones. Their 
comments during the tasks indicated that some buttons on 
the interface were too small and other buttons did not attract 
sufficient attention and were overlooked. Furthermore, some 
participants preferred bigger letters and others preferred black 
text instead of white text.
In addition to the think aloud comments, the observers 
noticed that most participants handled the phone correctly but 
that they had to get used to the touch screen. Sometimes, they 
needed to press the same button a few times before it would 
respond, but most participants became accustomed to the 
touch screen after practicing a few times. Most participants 
sought confirmation from the observer at the beginning of 
the session, but their confidence seemed to increase after 
successful completion of the first few tasks.
The mean usability score on the modified version of the 
PSSUQ was 5.90 (SD 1.1). One participant gave a mean 
score of 3.7 whereas the other 10 participants all gave mean 
usability scores of 5.6 or higher.
The final version of the developed interface
Figure 3 shows three screenshots of the developed interface. 
The application consists of three layers. The screenshot on 
the left shows the first layer which is the start screen of the 
interface consisting of five buttons; one for each physical 
indicator that users receive feedback on and one for chang-
ing the settings (eg, volume, text color etc). When users 
touch one of the first four buttons in the left screenshot, 
for example the “balance” button, they enter the second 
layer of the application which is represented by the middle 
screenshot. In the middle screenshot, users receive feedback 
regarding the measurement they performed today and how 
this relates to their personal goal which is based on their 
previous measurements. When the “history” button on the 
middle screenshot is touched, users enter the third layer of 
the application and the screenshot on the right appears. In 
the right screenshot an overview is provided of the last six 
balance measurements. Users can change the overview period 
to 2 weeks, 1 month, 3 months, or 6 months by touching the 
bar above the graph.
An automated feedback algorithm is responsible for the 
content of the feedback that is provided. To personalize the 
feedback, a “baseline profile” for each indicator is defined 
for each participant based on the mean and variation of the 
measurements during the first two weeks that they use the 
system. During these first two weeks, participants receive 
neutral feedback: the value of their measurement is presented 
on the mobile interface with a grey background. The feedback 
that participants receive after the first two weeks is personal-
ized by comparing the daily measurements with the “baseline 
profile” also referred to as “goal” in the application. This 
comparison reveals whether each of the physical indicators 
increased, decreased, or remained the same. When changes 
are positive or when an indicator is stable, positive feedback 
messages are provided combined with a green background 
and happy smiley like in the middle screenshot of Figure 3. 
When indicators decrease, the feedback message explains 
how much the measurement differs from a participant’s 
21/12/2011 11:35
Weight
Balance
Balance Daily histogram
Please select period
Balance
1 week
16
12
8
4
0
m m m t t W
Today
Your score is 15
Your goal is 15.0
Back History Back Home
Very good
Grip strength
Activity
Settings
Looking for bathroom scales
Figure 3 Three screenshots of the final interface.
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goal and this is combined with an orange or red background 
(depending on how much the indicator has decreased).
Part 2: results pilot-study
Characteristics of included participants
Two men (participants 2 and 3) and four women aged between 
79 and 83 years old provided written informed consent. 
 Participants 5 and 6 lived alone independently; the others 
lived together with their spouse. All participants visited the 
outpatient clinic of the geriatrician because they had fallen 
recently. All participants indicated at baseline that they owned 
a mobile phone that they only used sporadically. None of the 
participants had used a smartphone before. Participants 1, 2, 3, 
and 5 completed the pilot study and participated 42, 42, 42, and 
37 days, respectively. Participant 4 decided to stop participation 
after using the monitoring system for 6 days; the main reason 
for her drop-out was that she did not feel supported enough by 
her husband. Participant 6 dropped out after two days because 
she was admitted to the hospital unexpectedly.
Usability of the monitoring and feedback system
The usability scores on the modified version of the PSSUQ 
are presented in Figure 4 for each participant separately. The 
mean overall usability score was 5.2 (SD 0.9) and scores 
varied between participants from 3.8 to 6.2. The mean scores 
of the subscales for the bathroom scale, mobile phone and 
system as a whole were 6.2 (SD 0.6), 5.0 (SD 0.8), and 4.8 
(SD 1.0), respectively on a scale from 1 to 7. The participant 
who dropped-out of the study after 6 days (participant 4) gave 
the lowest usability scores on all subscales.
Experiences with the monitoring and feedback 
system
The data that was gathered during the interviews was 
clustered into four themes: receiving feedback, use of the 
monitoring system, technical functioning of the devices, and 
use of the system in the future.
Receiving feedback
Most participants appreciated the feedback messages and 
indicated that these made them more aware of their own phys-
ical functioning. Example of a user response:
I appreciate that it signals changes. At a certain point you 
see that your weight drops from 81.5 to 78.6. Then I think: 
I have not been eating less than before. So then I will keep 
an eye on that. (participant two, male, 80 years old)
When the feedback colors first appeared after two weeks 
of baseline monitoring with neutral feedback, some of the 
participants were confused because they forgot what was 
explained about these colors at the start of the study. They 
did not understand why the colors appeared and some par-
ticipants even thought that this was an error of the mobile 
phone, so additional explanation from the researcher was 
needed. Despite this, the use of colors to provide feedback 
was appealing according to the participants. Example of a 
user response:
The device is alive. It is not a dead thing. It can change 
 colors after a while. (participant five, female, 83 years 
old)
Furthermore all participants noticed that they sometimes 
received red feedback messages for balance and activity that 
should have been green. For example when a person with an 
activity goal of 35 minutes was active for 40 minutes and 
still received a red feedback message stating that activity had 
decreased. The participants experienced these incorrect red 
feedback messages as bothersome but it did not scare nor 
panic them. These wrong feedback messages resulted from 
a flaw in the feedback algorithm.
7
6
5
4
3
2
1
0
Adapted PSSUQ Subscale 1: bathroom
scale
Subscale 2: mobile
phone
Subscale 3: bathroom
scale and mobile phone
Participant 1
Participant 2
Participant 3
Participant 4
Participant 5
Figure 4 Mean usability scores per participant.
Abbreviation: PSSUQ, Post Study System Usability Questionnaire.
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Use of the monitoring system
Three participants indicated that they liked using the monitor-
ing system every day and one was neutral. Using the moni-
toring system was not very difficult for them but one of the 
participants kept using the instruction manual every day while 
performing the measurements. Example of user response:
It is actually pretty easy… I press the buttons according 
to the manual, and then it’s OK. (participant three, male, 
79 years old)
Some aspects were mentioned that could improve the 
usability of the monitoring system. Firstly, the participants 
indicated that the “Start” and “Stop” button for the activ-
ity monitoring functionality should be separate buttons 
whereas during the study the “Start” button became the 
“Stop” button once activity monitoring was started. Sec-
ondly, all participants would appreciate a reset button that 
they can use when pressing a wrong button by accident on 
the touch screen. Thirdly, the female participants did not 
like the elastic waist band that they could use to carry the 
phone with them for activity monitoring on days that they 
wore clothes without pockets. They indicated that a less 
flexible belt would be more suitable to carry the weight of 
the mobile phone.
Technical functioning
Two types of technical errors occurred during the pilot 
study: on three occasions participants reported that the 
bathroom scale did not transfer the data to the mobile 
phone and on four occasions the participants reported that 
the application on the mobile phone had shut down auto-
matically. Despite the fact that these errors did not occur 
often, they had a negative impact on the experiences of the 
participants with the monitoring system. Participants dealt 
with the errors  differently. Some participants found a solu-
tion by looking in the instruction manual, others tried push-
ing different buttons but this did not solve the error, which 
frustrated them. Most participants called the researcher to 
report the error. In some cases the researcher visited the 
participant at home to solve the problem. Examples of 
user responses:
When everything works as it should, it’s OK, then I am 
happy. Otherwise I panic a bit. (participant one, female, 
84 years old)
When the screen with the buttons (the application) 
disappears, it is quite a fuss to get things back like they 
were. (participant three, male, 79 years old)
Use of system in the future
Participants think that self-monitoring physical functioning 
with the system could be useful to other elderly people. 
They especially like the idea that the mobile phone can send 
their measurements to a database where their care profession-
als can see them. Example of user response:
But I think it is a good system indeed that the doctor can 
use to keep an eye on things. (participant two, male, 80 
years old).
The participants also identified possible difficulties/
obstacles for the use of the monitoring and feedback system 
in the future. For example: forgetfulness in elderly people 
can result in not using the system every day, or it might be 
difficult to learn how to use the monitoring system (due to 
lack of experience with computers/mobile phones or because 
of character traits), or elderly people might grow tired of 
using the system for a longer time.
Adherence to daily monitoring regimen
Frequency calculations revealed that participant 1, 2, and 5 
did not use the bathroom scales and mobile phone on 7 days 
(17%), 2 days (5%), and 13 days (35%) of the pilot study, 
respectively. Participant 3 used the monitoring and feedback 
system every day. No adherence rate was calculated for 
participants 4 and 6 because they dropped out of the study. 
The frequency data from the four participants who completed 
the pilot study resulted in an average adherence rate of 87% 
to the daily monitoring regimen.
Discussion
Mixed-methods were used and key principles of user-centered 
design were respected throughout the development process to 
ensure that the developed interface would meet the needs and 
preferences of the end-users.18,22 The involvement of elderly 
people during the development process resulted in a usable 
mobile interface that provides feedback regarding (changes in) 
indicators of physical functioning that is easy to understand. 
The interface that emerged from the user-centered develop-
ment process was integrated in the monitoring and feedback 
system and tested in a pilot study. Participants of the pilot 
study were able to use the system and liked the feedback that 
was provided to them. The monitoring and feedback system 
satisfied most needs and preferences of the end-users and was 
considered easy-to-use which resulted in good adherence to 
the daily monitoring regimen. Previous research also shows 
that ease of use is a very important predictor of adherence to 
telecare systems in elderly persons with functional or mobility 
submit your manuscript | www.dovepress.com
Dovepress 
Dovepress
851
Development and testing of a monitoring and feedback system
Patient Preference and Adherence 2013:7
problems.36 Only one participant had lower adherence during 
the pilot study, which was mainly caused by the fact that the 
participant could not restart the application by herself after 
it had shut down automatically. So, her low adherence was 
the result of an error in the application that caused a usability 
problem. The few technical errors that occurred during the 
pilot study annoyed the users and sometimes caused confu-
sion. These errors need to be remedied before the system can 
be evaluated in a larger group since an important prerequisite 
for the uptake in technology in practice is that the monitoring 
system should operate without interruptions.11
A recent review by van den Berg et al regarding tele-
medicine and telecare for older patients revealed that the 
majority of studies in this field are carried out in “younger 
older patients” who do not always represent the target group 
of the innovation.37 A strength of this pilot study is that only 
“older patients” were included. Another advantage is that 
the monitoring and feedback system was tested in the daily 
lives of elderly people instead of in a controlled lab-situation; 
this provides more accurate and detailed information into the 
experiences and problems that can occur.38
The experiences of the participants with the monitoring 
and feedback system cannot be generalized due to the small 
study sample which is a limitation of the pilot study. Despite 
this, most usability problems were probably identified during 
the usability test in the lab and the pilot study since, accord-
ing to Nielssen et al, five participants is sufficient to identify 
80% of these problems.39 Another limitation of this study is 
that, although both based on the PSSUQ, different question-
naires were used to test the usability of the interface in lab 
during the development phase and to test the usability of the 
monitoring and feedback system during the pilot study and 
that both versions were not validated.
Implications for clinical practice 
and future research
In order to have an added value for community-dwelling 
elderly people and care professionals the monitoring and 
feedback system should not function as a stand-alone inter-
vention but instead it should be integrated in usual care. 
Previous research has shown that blended-care approaches, 
where telecare interventions are embedded in professional 
care processes, yield more positive results and are more sus-
tainable.40,41 However, before the monitoring and feedback 
system can be integrated in care, more insight is needed 
into its long-term acceptance according to elderly users and 
their care providers. Therefore, the monitoring system and 
interface are currently being improved based on the results 
of the pilot study. Subsequently, a 6-month follow-up study 
is being organized during which community-dwelling elderly 
people will use the improved system including the Grip-ball. 
This follow-up study will not only focus on the experiences 
of the elderly users, but also on the care professionals who 
will use the database to monitor their patients from a distance. 
We expect that the follow-up study will also provide more 
insight into the possibility of detecting clinically relevant 
changes in physical functioning with the devices of the 
monitoring system.
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Supplementary material
Modified version Post Study System Usability Questionnaire (PSSUQ) used during think aloud procedure.
Each item on the questionnaire was rated on a 7-point scale from 1 (I strongly disagree) to 7 (I strongly agree).
I strongly 1 2 3 4 5 6 7 I strongly
disagree agree
 1.  Overall, I am satisfied with how easy it is to use this system.
 2. It was easy to switch on the mobile phone.
 3.  It was easy to connect the adapter to the mobile phone.
 4. The menu on the mobile phone was easy to use.
 5.  I could complete the tasks effectively using the mobile phone.
 6.  I was able to complete the tasks quickly using the mobile phone.
 7.  I was able to complete the tasks efficiently using the mobile phone.
 8.  I felt comfortable using the mobile phone.
 9.  It was easy to learn to use the mobile phone.
10.  Whenever I made a mistake using the mobile phone, I could recover easily and quickly.
11.  The information that was provided on the screen of the mobile phone was clear.
12.  It was easy to find the right information on the mobile phone.
13.  The information provided on the screen of the mobile phone was easy to understand.
14.  The information on the screen of the mobile phone was effective in helping me complete the tasks.
15.  The organization of the information on the screen of the mobile phone was clear.
16.  The interface of the mobile phone looked pleasant.
17.  I liked using the interface of the mobile phone.
18.  The menu on the mobile phone has all functions I expect it to have.
19.  Overall, I am satisfied with the mobile phone.
20.  The letters and words on the screen of the mobile phone were easy to read.
21.  The contrast of the colors on the screen of the mobile phone was good.
22.  The images on the screen were clearly visible.
23.  Next week, I will remember as well as now how the mobile phone works.
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